Indonesian Society for Science Educators

A . :
science  Journal of Science Learning

Learning

journal homepage: ejournal.upi.edu/index.php/jslearning

Enhancing Systems Thinking Through Outdoor Permaculture-Based
Science Learning

Saefudin Saefudin!*, Kusnadi Kusnadi?!, Rahmat Baharuddin?, Najira Najiral, Zuliande Zidan?,
Khairil Asnan Khaedar?

Department of Biology Education, Faculty of Mathematics and Science Education, Universitas Pendidikan Indonesia, Bandung,
Indonesia
2Department of Biological Science, Khon Kaen University, Khon Kaen, Thailand

*Cotresponding author: adenimi@hotmail.com

ABSTRACT Systems thinking is a key competency for sustainability. It can help students to analyze complex matters easily.
This study aims to investigate students’ improvement in systems thinking through outdoor permaculture learning.
Permaculture is an artificial ecosystem that promotes sustainable agriculture. There are four learning stations within the
permaculture, including a mini-garden, an aquaponic system, a composting system, and a black soldier fly farm. This study
used a quantitative research method with a nonequivalent (pretest and posttest) control-group design. Students in the control
group followed the regular classroom learning. Meanwhile, the students in the experimental group followed the outdoor
permaculture learning. The sample included 50 tenth-grade students from a high school in Bandung. Essay questions were
used to assess students’ systems thinking, with item analysis confirming that the instrument was both valid and reliable. A t-
test showed a significant difference in students’ improvement in systems thinking between the two groups (p = 0.01). The
experimental group showed greater improvement in systems thinking competency. In addition, Cohen’s d value (0.73) indicated
a moderate effect size, reflecting a meaningful difference in the gains of systems thinking competency between the two groups.
Based on the data, it can be concluded that outdoor permaculture learning is an effective way to enhance students’ systems
thinking. This study offers a new perspective on the use of integrated learning stations in a permaculture setting to strengthen
students' systems thinking and support sustainable learning practices in schools.
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1. INTRODUCTION problem-solving skills (Kourayem & Ghadim, 2021). It

The concept of systems thinking was first introduced enables learners to view phenomena holistically and
by Barry Richmond in 1987 and has since been understand  the interrelationships among  system
continuously developed and redefined through vatious components. Furthermore, Johariah et al. (2023) suggested
perspectives (Arnold & Wade, 2015). It is now recognized that students with strong systems-thinking competency can
as a key competence for both sustainable development and easily connect one topic to another, leading to a deeper,
digital transformation (Armenia et al., 2022). Systems more integrated understanding of the subject matter.
thinking enables individuals to understand the bigger Numerous studies have examined systems thinking in
picture, address the root causes of unsustainability rather education. Previous studies examining students' systems-
than surface-level symptoms, and create conditions for thinking profiles indicate that students still lack systems-
sustainability to thrive (Demssie et al., 2023; Voulvoulis et thinking competency. For example, Nuraeni et al. (2020)
al., 2022). According to UNESCO (2017), systems thinking and Baharuddin (2025) reported that most students
competency comprises four core abilities: recognizing and demonstrated low levels of systems thinking. Similarly,
understanding relationships; analyzing complex systems; Gilissen et al. (2020) stated that systems thinking has not
understanding how systems are embedded across different been effectively integrated into classroom practices.
domains and scales; and dealing with uncertainty.

The mastery of systems thinking competency can help Received: 21 May 2025
students learn in the classroom. It can support better Revised: 11 August 2025
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Ecosystems were the most frequently addressed
domain-specific topic in systems-thinking studies in
education (Seher & Defne, 2024). As ecosystems comprise
numerous interconnected and complex components,
analyzing these systems is crucial for a thorough
understanding. This demands strong systems thinking, as
learners must recognize interactions, feedback loops, and
dynamic relationships within ecological systems. Davis and
Stroink (2016) emphasized that systems thinkers are better
equipped to identify their own role within a system and
grasp the complexities of ecological systems, including
their socio-economic influences. Furthermore, Amissah et
al. (2020) highlighted systems thinking as a reasoning
approach for tackling real-world problems, grounded in the
fundamental concept of a "system."

Previous studies have highlighted the relevance of
systems thinking in supporting students’ understanding of
complex phenomena such as ecosystems. For example,
systems thinking and modeling approaches have been used
to analyze factors affecting ecosystems under conditions of
climate change and ecological dynamics (Lankers et al.,
2023; Phan et al., 2024). Several studies have recommended
instructional  strategies such as environmental-based
learning, field studies, and the use of real-world
phenomena or objects that students can directly observe
and analyze (Zidan et al, 2023). In this context,
permaculture offers a promising learning environment that
supports students’ understanding of ecosystems while
fostering the development of systems-thinking skills.

Permaculture is a constructed ecosystem designed to
meet human needs while promoting sustainability
(Alakendu et al., 2024). It is defined as a creative design
process based on systems thinking (Althouse, 2016),
serving as a holistic framework that integrates sustainable
agricultural practices to address the economic, social, and
environmental dimensions of sustainability (Didarali &
Gambiza, 2019). This aligns with the Sustainable
Development Goals, which consider economic, social, and
environmental aspects in their implementation (Mensah,
2019). Permaculture-based learning incorporates outdoor
activities, providing students with real-world objects and
phenomena to observe and analyze. Outdoor activities and
real-world objects make the learning process more
meaningful and improve learning outcomes, including
cognitive skills (Saefudin et al, 2025; Valentini &
Donatiello, 2021). Permaculture offers a rich learning
environment that serves as a powerful resource for
teaching ecosystem concepts. Therefore, outdoor
permaculture-based learning offers students opportunities
to engage in real-world, hands-on experiences to explore
ecological interactions while simultaneously developing
their systems-thinking skills.

Numerous studies have focused on improving students'
systems-thinking competency, recognizing its importance
for a deeper understanding of complex interrelationships
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across contexts. However, there is a noticeable gap in the
literature regarding the potential of outdoor permaculture-
based learning as a strategy to enhance students' systems-
thinking competency. Therefore, this study aims to
investigate how outdoor permaculture learning improves
students’ systems-thinking competency. The research
questions are as follows:
® To what extent does outdoor permaculture-based
science learning enhance students’ systems thinking
compared to conventional science learning?

® How do specific learning activities at each
permaculture  learning  station  facilitate  the
development of  students' systems  thinking
competency?

2. METHOD
2.1 Research Design

The research method employed in this study was a
quasi-experimental design, which does not involve the
random assignment of participants to groups (Fraenkel et
al., 2023). A quantitative approach was adopted, using a
nonequivalent control-group design with both pretest and
posttest measures. In this design, two existing classes were
assigned as the control and experimental groups. Both
groups completed a pretest before the learning intervention
to assess their initial level of systems-thinking competency.
The experimental group then received the treatment
through outdoor permaculture learning, while the control
group continued with conventional classroom instruction.
After the intervention, both groups completed a posttest.
This design enables comparisons of learning gains across
groups and the evaluaton of the intervention's
effectiveness (Creswell, 2014). The research design is
shown in Table 1.

Table 1 Nonequivalent (pretest and posttest) control-group
design.

Control group Pretest ~ No treatment Posttest
Experimental Experimental

P Pretest P Posttest
group treatment

2.2 Participant

The study population consisted of tenth-grade students
from a high school in Bandung. The sampling technique
employed was convenience sampling, based on
participants' accessibility and availability. The final sample
included 50 students aged 15-16 years. These students were
divided into two existing classes, each with 25 students, as
shown in Table 2. One class was assigned to the control
group, which used the conventional learning approach. The
other class served as the experimental group and
participated in the outdoor permaculture learning program,
which included learning stations designed to simulate real-
wortld ecosystem interactions. Both groups received
instruction on the duplicate content, but through different
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Table 2 Participant demography by group

Gender Group -
Control Experimental
Male 12 14
Female 13 11

learning environments, allowing a comparison of their
learning outcomes, particularly in terms of systems-
thinking competency.
2.3 Instrument

The research instrument used in this study was a test
comprising seven essay questions on ecosystem topics. The
test instrument was developed based on aspects of systems
thinking competency, as outlined by UNESCO (2017). The
systems thinking aspects are shown in Table 3.

Table 3 Systems thinking aspects and instrument framework.

Aspect Indicator

The ability to Students demonstrate the ability to
recognize and apply the concept of ecological
understand interactions to real-life contexts.
relationships.

Students can identify the role of each
component in an ecosystem.

To analyse complex Students demonstrate the ability to

systems. :
) analyze the dynamic balance that
exists within ecosystems.
Students can demonstrate the
. interconnection among economic
To think of how . . 8 >
social, and environmental aspects
systems are within the context of ecosystems
embedded within Y )

Students demonstrate the ability to

different domains .
assess the impact of ecosystem

and different scales. changes at both local and global

scales.

Students can predict the impacts of
changes in the components of an
ecosystem.

Students demonstrate the ability to
propose multiple alternative solutions
to the issues presented.

To deal with
uncertainty.

The construct validity of the research instrument was
assessed through expert judgment to ensure that each item
accurately represented the intended constructs. Revisions
were made based on their feedback to improve clarity,
relevance, and alignment with the study’s objectives. The
validity and reliability of the instrument were calculated
using ANATES 4.0 software. The validity analysis showed
that item-total correlations ranged from 0.49 to 0.81,
indicating that all items were valid. The reliability
coefficient was 0.77, indicating high internal consistency.
2.4 Procedure

This research was conducted in November — December
2024. The initial stage of the research involved a
comprehensive literature review of prior studies on systems
thinking competency and outdoor permaculture learning,
which served as the foundation for the study's design. To
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gain insights into existing teaching practices and ensure
contextual relevance, observations and semi-structured
interviews were conducted with the biology teacher. These
activities  helped identify the learning needs and
opportunities within the school environment.

The preparation stage included developing both
research instruments and instructional materials. The
instruments consisted of a systems-thinking competency,
validated through expert judgment. Instructional materials
were designed to align with the curriculum and included
lesson plans, student worksheets, learning resources, and a
detailed layout of the permaculture learning stations. The
permaculture design incorporated four integrated learning
stations — gardening, aquaponics, composting, and black
soldier fly farming — that provided authentic, real-world
learning environments for the experimental group. Figure
1 illustrates the sequential flow of the research procedure,
from planning to data collection and analysis.

Both the control and experimental groups took the
pretest before the learning session. The students in the
control group followed the regular learning process.
Meanwhile, the students in the experimental group
followed an outdoor permaculture learning program. Each
group participated in four learning sessions. Each group
explored two different landscapes to observe and learn
about ecosystems and their respective components. The
control group explored the school area, which included a
mini-park and a fish pond. The experimental group
explored the permaculture area, which comprises four
main areas: a gardening area, an aquaponic area, a
composting area, and a black soldier fly (Hermetia illucens)
area. Both groups took the posttest after they completed all
the learning sessions. The students completed their
assignments and engaged in group learning activities.

2.5 Data Analysis Techniques

The level of students' systems thinking competency was
assessed using the Systems Thinking Competency
Assessment Rubric developed by Semiz and Tekséz (2019).
The rubric categorizes systems thinking competencies into
four levels: pre-aware, emerging, developing, and mastery.
Based on the pretest results, no significant difference in
students' systems thinking competency was found between
the two groups. Therefore, the posttest results from both
groups were compared to assess whether outdoor
permaculture learning led to a significant improvement in
students' systems-thinking competency. The improvement
in systems thinking competency for both groups was
analyzed using Hake's (1998) N-gain formula. Prior to
conducting the analysis, tests for normality (Shapiro-Wilk)
and homogeneity of variance (Levene test) were performed.
The results indicated that the data met the assumptions for
using a parametric test. Therefore, an independent-samples
t-test was applied to compate students' learning outcomes
in systems thinking competency between the two groups.
In addition, Cohen’s d was calculated to determine the

J.Sci.Learn.2025.8(3).271-278



Journal of Science Learning

Article

C Designing and developing\
permaculture system’s
learning stations

o Developing research
instrument

e Conducting a pilot test of
the research instruments

o (Creating instructional
materials

e Organizing logistics and
scheduling for the

Control
Bl
Hfpee]

Experimental
:>

Exploring the school
area (school park and

learning sessions.

- J

Figure 2 The flow of the research procedure

effect size of the outdoor permaculture learning on
improving students’ systems thinking competency.

3. RESULT AND DISCUSSION
3.1 Students’ Systems Thinking Development

Outdoor permaculture-based learning exposes students
to complex real-world systems and enables them to solve
ecosystem-related issues through collaboration. The
regular learning process focused on teaching students
about ecosystems. Table 4 shows the pretest and posttest
results from both groups. The experimental group shows
slightly greater improvement than the control group. Both
groups demonstrated improvement in systems thinking
competency, as indicated by the pretest and posttest results.
This suggests that both learning approaches can help
students develop systems-thinking competency. Based on
the posttest t-test results, there was a significant difference
in systems thinking competency between the two groups (p
= 0.01). The experimental group showed greater
improvement in systems thinking competency.

The initial level of students' systems-thinking
competency, shown in Figure 2, varied across categories.
The distribution of students' systems-thinking competency
across levels was almost identical between the two groups.
Most of the students in both groups were at the developing
level. A few students had already reached the mastery level,
but most of them were still at the emerging and developing
levels. This underscores the need to strengthen systems
thinking competencies among the majority of students.
Based on the students' test responses, some were unable to

Table 4 Comparison of students' systems-thinking competency
between the pretest and posttest.

fish pond) to learn the . pata @alysis
ecosystem concept. including pretest,
posttest, and
bservations.
Posttest > 0
o Interpreting the
findings based
Exploring the learning on the research
stations within the objectives.
N
permaculture to learn
the ecosystem concept.
g, 60%
8 u Control 52%
8 50% | Experimental
Q
g 40%
& 40%
g 32%
vg 30% b 28Y28%
; 0() 0
S 20% f
Sl
8
g 10% |
=)
0%0%
Z 00/U L I 1

Pre-aware Emerging Developing Mastery
Category

Figure 1 Initial level of students’ systems thinking competency

explain the interrelationships among components within a
system fully. Although understanding the interrelationships
between components is a fundamental aspect of systems
thinking, some students have yet to master this concept.
This phenomenon has also been identified in elementary
students (Mulyadiprana et al, 2024) and pre-service
teachers (Semiz & Tekséz, 2019). This indicates that
students still require additional support and practice to
comprehend the connections between various system
components fully.

The posttest data in Figure 3 indicate that students in
both the control and experimental groups improved their
systems thinking competencies. All students reached either
the developing or mastery level, which demonstrates
positive learning outcomes. This suggests that learning
ecosystem topics, regardless of the learning environment,
can enhance students' systems thinking. These findings are
consistent with those of Lankers et al. (2023), who reported

Data Comparison Control Experimental
Number of students 25 25

Data type Pretest DPosttest Pretest Posttest
Mean 63.25 78.58 61.50 83.92
Standard deviation 14.06 7.21 12.37 7.35
Lowest score 39.58 62.50 41.67 72.92
Highest score 81.25 91.67 83.34 95.83

demonstrated  significant

gains

in

that students who engaged in modeling ecological systems
systems-thinking

competencies. Ecosystem-related content naturally lends
itself to systems thinking because it involves analyzing
complex, dynamic relationships within and across systems

(Martin-Gamez et al., 2018).
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Figure 4 Level of students’ systems thinking competency after
completing all learning sessions

The N-gain scores of both groups indicate a more
profound understanding that each learning approach has a
distinct influence. Figure 4 shows the comparison of the
N-gain percentage level between the control and
experimental groups. The N-gain scores of both groups fell
within the same category, indicating a moderate level.
However, the experimental group showed a slightly higher
average score than the control group. This suggests that
while both learning approaches were practical to a
moderate extent, outdoor permaculture learning had a
greater impact on improving students’ systems-thinking
competency. In addition, based on Cohen’s d of 0.73, the
intervention's effect size was considered moderate,
indicating a meaningful difference in systems thinking
competency between the two groups.

A key part of the learning process in this study involved
identifying and analyzing the interconnections between
components in an ecosystem. Understanding such
relationships is a fundamental aspect of systems thinking.
According to Behl and Ferreira (2014), recognizing the
interactions among system elements is a key factor in the
development of systems thinking. Similarly, Arnold and
Wade (2015) emphasized that the ability to perceive and
interpret relationships between system components is a
fundamental principle of systems thinking. Therefore, the
improvement in students’ competencies can be attributed
to learning experiences that encouraged them to think
holistically and engage with the complexity of ecological
systems.

3.2 The Role of Permaculture Learning Stations in
Facilitating Systems Thinking

The permaculture used in this study was established
within an existing greenhouse, with several new additions
to support the students' learning. The primary focus of the
permaculture development is on ecosystem concepts and
the core values of permaculture. Krebs and Bach (2018)
stated that permaculture design principles, along with a
framework for ecosystem mimicry and complex-system
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Figure 3 Comparison of N-gain scores between the two groups

optimization, constitute the significant differences from
other alternative agricultural approaches. The four main
learning stations in this permaculture study are the mini-
garden, the aquaponic installation, the composting site, and
the black soldier fly farm station. All learning stations are
designed to facilitate students' observation and exploration
of the components within each station. The learning
stations applied sustainability values and emphasized
tulfilling human needs while considering economic, social,
and environmental aspects.

The first learning station in the permaculture system is
the mini-garden, a key component of the overall
educational experience. One notable feature of the mini-
garden is the intentional avoidance of agricultural pest
control methods that rely on chemical substances. This
decision enables natural interactions among biotic
components —such as plants, insects, and microorganisms
—to unfold in accordance with the principles of a healthy,
functioning ecosystem. Numerous studies have highlighted
the adverse effects of chemical pest control, particularly the
use of pesticides, on the environment and human health.
The use of chemicals in agriculture has raised significant
concerns about its long-term impact on ecosystems
(Omran & Negm, 2020; Tudi et al, 2021) and human
health (Pathak et al., 2022).

The mini-garden learning station aims to help students
identify the components of a garden ecosystem —
producers, consumers, and decomposers — and
understand their interactions. Its rich biodiversity enables
observation of natural pest control mechanisms, such as
predator-prey relationships and biological diversity.
Students engage in identifying biotic and abiotic
components, constructing food chains, and analyzing the
role of each element, which supports the development of
systems thinking, particularly the ability to recognize and
understand relationships (Vachliotis et al., 2021). This
experiential  approach  fosters  deeper  ecological
understanding and systems analysis. Compared to the
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limited biodiversity in the schoolyard, the permaculture
setting offers a richer context. However, students in the
control group were still able to construct basic food chains.

The aquaponic learning station serves as a practical
demonstration of biogeochemical cycles, particulatly the
nitrogen cycle, which is a key process in aquatic
environments (Krastanova et al., 2022; Wongkiew et al.,
2017). An aquaponic system effectively illustrates nitrogen
cycling within an ecosystem by combining fish farming
with hydroponic plant growth, creating a symbiotic
relationship in which fish waste provides nutrients for the
plants, and the plants filter and purify the water for the fish
(Rains & Whitworth, 2018). In contrast, students in the
control group learned about the biogeochemical cycle more
abstractly, through textbooks and simple animated videos,
which may have limited their understanding of the cycle's
real-world applications. The aquaponic installation,
however, offers students a tangible, real-world example
that significantly deepens their understanding of these
complex biological processes. This aligns with the findings
of Suyanto et al. (2022), who stated that learning through
real-world objects and experiences helps students reach
their full potential in acquiring factual knowledge and in
connecting theory and practice.

The biogeochemical cycle, particularly the nitrogen
cycle, is a complex system involving numerous
interconnected components, both biotic and abiotic
(Aprilia et al., 2022; Ma et al., 2021). By engaging with the
aquaponic system, students can better analyze and
understand the relationships among its components,
thereby strengthening their systems-thinking skills. Junge
et al. (2017) suggest that aquaponics can be both an
enjoyable and effective way to learn environmental science,
as it combines practical knowledge with environmental
awareness. Furthermore, Mambrey et al. (2022) found that
students' systems thinking evolves from simple cause-and-
effect reasoning to more sophisticated thinking by
incorporating a greater number of variables and
relationships. The findings of this study suppozt this idea,
as students in the experimental group who learned through
the aquaponic system demonstrated — significant
improvements in their systems thinking competency,
illustrating the effectiveness of experiential learning in
complex systems.

The composting site is the third learning station in the
outdoor permaculture learning. This station focuses on the
management and utilization of organic waste. This learning
station emphasizes sustainable practices in organic waste
management. In addition, students can observe and analyze
the composting process. Several factors influence
composting, including the materials used, reactors,
temperature, and microorganisms (Yin et al., 2024). In this
learning station, students are introduced to the three pillars
of sustainability: economic, social, and environmental.
Recognizing these three foundational aspects of
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sustainability is considered a key competency in systems
thinking (Purvis et al., 2019; UNESCO, 2017). Therefore,
the composting station can effectively help students
understand the pillars of sustainability, which are a crucial
component of systems thinking competency.

The black soldier fly farm learning station also
demonstrates the three pillars of sustainability by offering
an economically viable solution for organic waste
management that can generate revenue from the sale of
larvae and byproducts. Detritivores, such as black soldier
fly larvae, provide a sustainable solution for protein
production, waste management, and the promotion of a
circular bioeconomy (Kurnia et al., 2018; Odongo et al.,
2024). Additionally, at this learning station, students are
introduced to the concept of sustainability, encompassing
both local and global scales. Unlike conventional
classroom-based instruction, outdoor learning allows
students to engage actively with real-world ecological
systems, fostering deeper connections with the material
(Mann et al., 2022). While students in the control group
also participated in hands-on activities, the intensity and
depth of their involvement did not match that of the
experimental group, which engaged more directly with the
natural environment. This difference in students’
involvement in the learning process highlights the added
value of outdoor learning, which is often cited as a more
effective approach for enhancing student engagement and
understanding (Ayotte-Beaudet et al., 2023).

4. CONCLUSION

Outdoor permaculture learning has a significant
positive impact on students' systems thinking competency.
Each learning station within the permaculture system
contributes to students' development of critical thinking
skills regarding complex systems and their interrelated
components. Based on the findings of this study, it can be
concluded that outdoor permaculture learning is notably
effective in improving students' systems thinking
competency. The integration of permaculture practices into
the leatning process not only deepens students'
understanding of ecosystem concepts but also enhances
their ability to apply this knowledge in real-world contexts.
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